We present a series of images of different fetal intracranial, intrathoracic and intra-abdominal anomalies reconstructed using HDlive. It is a novel three-dimensional (3D) ultrasound modality that can provide the operator with naturally realistic features of any fetal anomalies. HDlive and its inversion mode are applied in several cases and two-dimensional (2D) sonographic images of different anomalies are also presented clearly to compare the advantages of HDlive in this article. This review focuses on the role of HDlive in the presence of such anomalies. HDlive should be a very useful aid in adjunct to other ultrasound modalities, specifically in cases that warrant detailed information. It can also be useful for the antenatal surveillance of anomalies, such as cystic lesions that may progress to complications. This innovative tool offers many promising advantages in clinical practice and future research on fetal anomalies.
INTRODUCTION
One of the most important concerns of physicians and patients during pregnancy is the occurrence of any fetal anomalies. Congenital anomalies occur in 1 in 33 infants, and it is one of the commonest causes of high neonatal mortality. 1 Early detection during the antenatal period is very significant. Ultrasound is one of the recommended antenatal screening tools for fetal anomalies. Different modalities have evolved that aid in clinical practice and research.
perception and, with the availability of different shades of skin-like color, images are more realistic in appearance. 3 It has several types of rendering software that can be used depending on the structures to be studied. The HDlive surface-rendering mode has been used for visualization in many studies of normal and abnormal fetal structures.
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The surface of the area of interest is best visualized in the presence of adequate amniotic fluid. The most commonly evaluated structures using the surface-rendering mode are facial abnormalities. Another technique is the use of HDlive with an inversion mode. It uses a threshold filter tool to produce a satisfactory volume set where the fluid-filled structures become transparent, and the application of the inversion mode will transform this into a cast-like structure. 11 It improves visualization and the understanding of spatial relationships between fluid-filled fetal structures such as the brain vesicles and the fetal heart. 11 It can also used in the study of scattered fluid-filled spaces, such as pleural effusion.
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This review article presents different intracranial, intrathoracic and intra-abdominal anomalies reconstructed using HDlive and its inversion mode and, based on them, makes recommendations for antenatal diagnosis, surveillance and future research.
FETAL INTRACRANIAL ANOMALY
The fetal intracranial structures should be thoroughly evaluated during antenatal sonographic examinations because the occurrence of anomalies often leads to severe perinatal outcomes. Abnormal development in the early stage of pregnancy can be recognized by conventional two-dimensional (2D) ultrasonography. Beginning at 10 to 14 weeks of gestation, screening for congenital anomalies is initially performed. 12 One of the earliest intracranial anomalies that can be detected during this period is acrania/exencephaly. Such 2D sonographic findings are helpful but have some limitations for DSJUOG further clinical studies because patients might not fully understand the black and white images of their fetus and its abnormality. With the advent of the latest ultrasound technologies, the fetal brain and vesicles can be studied as at early as 7 weeks of gestation. 13 Most of the intracranial anomalies are now observable in detail. These fetal intracranial anomalies are reevaluated and reconstructed using HDlive.
Brain Vesicle Early in the First Trimester
The embryonic brain vesicles are presented to become familiarized with the normal anatomical structures in early pregnancy. In the 4th week of gestation, the neural tube will give rise to the prosencephalon, mesencephalon and rhombencephalon. In the 5th week, it will develop into five secondary brain vesicles, which are the telencephalon, diencephalon, mesencephalon, metencephalon and myelencephalon. 13 As early as in the 7th week of gestation, 2D sonographic images show that the brain vesicles are anechoic, irregular structures (Fig. 1A) . The HDlive inversion mode can depict the tiny lobulated telencephalon, diencephalon, and mesencephalon but the demarcation is not welldefined, and the metencephalon appears as an elongated structure (Fig. 1B) . In the 8th weeks of gestation, brain vesicles are more discernible using HDlive. The telencephalon appears as a pair of rounded structures, the diencephalon and mesencephalon are still not well-differentiated, the isthmus is thin, metencephalon becomes rounded, and the myelen cephalon appears as a small elongated structure (Fig. 2) . These HDlive images can be used as a reference for early fetal anomalies such as holoprosencephaly and ventriculomegaly.
Acrania/Exencephaly
Acrania/exencephaly is diagnosed when there is cranial vault absence with exposed brain tissue. exencephaly in an HDlive image (Fig. 3C ) is similar to the actual picture of the abortus (Fig. 3D ). Another case of acrania/exencephaly at 13 weeks of gestation also clearly shows the deformed and degenerated brain tissues (Fig.  4) . 8 The echogenic structure in 2D sonography that yields the 'Mickey Mouse sign' appearance ( Fig. 5A ) is clearly visible in HDlive image as the exposed fetal brain tissues (Fig. 5B) . Conventional 3D sonography can also provide a good image of acrania/exencephaly (Fig. 6A ) but the skin-like color effect on HDlive provides a more realistic human appearance (Fig. 6B ).
Choroid Plexus Cyst
It is a rare intracranial structure, most commonly seen in the lateral ventricles. 14 The findings of a choroid plexus cyst with other sonographic abnormalities is associated with aneuploidy, particularly trisomy 18. 15 However, a single, isolated cyst does not increase the risk, and it usually disappears before 26 weeks of gestation. 15 On 2D sonography, bilateral choroid plexus cysts can be observed as rounded, sonoluscent structures (Fig. 7A ).
With HDlive, the rounded mass can be clearly seen in the posterior horn of the lateral ventricles, distinctly separate from other structures (Fig. 7B ). The smooth inner surface is also clearly recognized.
Hydrocephalus
Obstructions at any point of the ventricular system will cause ventriculomegaly. 16 On HDlive, the choroid plexus is well-defined, dangling on the widened lateral ventricle (Figs 8A to C). Worsening of the condition will lead to hydrocephalus (Fig. 9A ). Diagnosis of severe hydrocephalus on 2D sonography is made when there is scalloping of frontal bones or the 'lemon sign' on transverse view (Fig. 9B) . 12 While the finding of 'banana sign' is due to posterior displacement of the cerebellum on the occipital bone ( Fig. 9C ). 12 These findings are usually accompanied by vertebral myelomeningocele (Fig. 9D ).
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Using the HDlive inversion mode, the dilatation of the ventricular system can be clearly noted. Anatomical parts of the lateral ventricle from the anterior to posterior horn are clearly identifiable (Figs 10A to C).
Cerebellar Hypoplasia
Anomalies of the cerebellum occur in many types of aneuploidy. 18 A normal 2D sonographic image of a cerebellum at 20 to 21 weeks of gestation appears as an echo genic, rounded structure with fissures or folds known as folia. 18 The absence of these structures may indicate cerebellar hypoplasia. An HDlive image can show the features of underdeveloped cerebellar hemispheres. The sizes are different, and the contours are not well-defined (Fig. 11 ). Undeveloped cerebellar hemispheres including the structure dividing it are known as cerebellar vermian hypoplasia. On 2D sonography, the vermis, which is an echogenic structure, and appears along the entire length of the paired cerebellum, cannot be observed (Fig. 12A ). HDlive shows two cerebellar hemispheres, and the vermis appears thin and short between bilateral hemispheres (Fig. 12B ). 
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Myelomeningocele
A huge protruding mass overlying the vertebral defect on the sacral region is clearly evident on HDlive (Fig. 13) .
The spinal cord is also visible.
FETAL INTRATHORACIC ANOMALY
Evaluation of the fetal intrathoracic region involves two important structures, the heart and lungs. Anomalies of these major structures may lead to serious complications. Clinical studies are usually focused on the fetal heart using recent advances in fetal echocardiography. HDlive and its inversion mode offer a better understanding of the fetal heart and its adjacent structures that will help clinicians in diagnosis and management.
Pericardial Effusion
One of the commonest complications of intrathoracic anomaly is pericardial effusion that occurs in the presence of congestive heart failure. A 2D sonographic image shows the sonoluscent area containing an increased amount of fluid (Fig. 14A ). On HDlive, the pericardium of the left and right atrium is identified. The widened pericardial space is due to excessive fluid accumulation (Fig. 14B) . Mediastinal shift of the heart to the right can be noted.
Situs Inversus Totalis
The 'mirror image', where the heart and abdominal viscera are located on the right side of the fetal body, is known as situs inversus totalis ( Figs 15A and B) . 19 Using the HDlive inversion mode, the thoracic and abdominal viscera are clearly seen in a reverse position (Fig. 16) .
The abnormal position of the left ventricle means the heart apex is located on the right. The aortic arch turns toward the right. The right ventricle is on the left, and the direction of the pulmonary artery is clearly identified. The mirror image of normal cardiac structures can be clearly recognized using the HDlive inversion mode. The stomach is also seen on the right. 
Diaphragmatic Hernia
In diaphragmatic hernia, a portion of the body of the stomach is seen beside the heart in the thoracic area (Fig. 17A) . The heart is displaced to the right, and the stomach is also in the thorax. The HDlive inversion mode clearly delineates the spatial relationship between the leftsided stomach and right-side-deviated normal cardiac structures (Fig. 17B ).
Pleural Effusion
HDlive shows the left thoracic cavity with pleural effusion. The shrunken left lung is somewhat pushed medially due to excessive fluid in the left pleural cavity (Fig. 18) .
FETAL INTRA-ABDOMINAL ANOMALY
Malformations and cystic lesions are usual forms of fetal intra-abdominal anomalies. Most of these conditions are difficult to use to make a particular diagnosis. With HDlive and its inversion mode, the characteristics of each lesion and their anatomical relationships with other intraabdominal structures can be clearly visualized.
Biliary Atresia
A 2D sonographic image shows a connection between the gallbladder and cyst (Fig. 19) . 20 The HDlive inversion mode shows the anatomical relationship of the oval cyst that is connected with the gallbladder, indicating that a solid or blocked cystic duct in-between is present ( Fig. 20) . The relationship of the cyst with other fluid-filled structures, such as the bladder and umbilical vein, can also be identified. The HDlive surface-rendering mode shows the inner surface of the cyst which is smooth, and contains some debris (Fig. 21) .
Enteric Duplication Cyst
It is a rare cystic lesion usually located in the small intestine, particularly in the ileus. 21 2D sonography shows a thick-walled cyst with heterogeneous internal echoes (Fig. 22A) . 21 HDlive provides a more discernible image of a rounded structure with a thick wall, no communication with other intra-abdominal structures, and presence of large amounts of thick debris inside which can be visualized with conventional 2D sonography (Fig. 22B) .
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This collection of thick debris is due to the necrosis of internal mucosa from gradual torsion of the cyst causing intestinal obstruction in utero.
Ovarian Cyst
The multiplanar 3D view shows a rounded cyst near the bladder (Fig. 23A) . HDlive demonstrates the relatively smooth surface inside the cyst (Fig. 23B) . The HDlive inversion mode further presents the anatomical relationship of the ovarian cyst, bladder, and other struc tures such as the renal pelvis and stomach (Fig. 24) . 
Hydronephrosis
On conventional 3D ultrasound reconstruction using the inversion mode, the dilated right renal pelvis is identified in relation to the stomach (Fig. 25A) . Using 3D multiplanar and HDlive, the surface of the renal parenchyma, some of the calices, and dilated renal pelvis can easily be identified (Fig. 25B) . The HDlive inversion mode realistically shows the anatomical relationship of the right renal pelvis with the spine and stomach (Fig. 26) .
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Multicystic Dysplastic Kidney
2D sonography shows bilateral enlarged kidneys and multiple cysts (Fig. 27A) . 22 On the HDlive inversion mode, numerous randomly arranged rounded cysts form the left 
Ascites
Intra-abdominal organs in the peritoneal cavity can be clearly seen using HDlive (Fig. 30) .
Intra-abdominal Umbilical Vein Varix
Focal dilatation is identified along the length of the intraabdominal umbilical vein on 2D sonography (Fig. 31A) , and confirmed using 3D color Doppler (Fig. 31B) . 24 The dilated part can be clearly distinguished from the normal umbilical vein using the HDlive inversion mode (Figs 32A and B). Umbilical arteries can also be visualized. 
LIMITATIONS
The operator must be well-trained in the reconstruction of ultrasound images using HDlive. It requires special skills and time to learn to be able to produce better qua lity images. Untrained physicians may not be able to obtain realistic images. Detailed knowledge of the normal anatomy is also important to differentiate it from anomalies. Some reported limitations of the surfacerendering mode are related to an unfavorable fetal position and hindrances such as the placenta, umbilical cord, or uterine wall, 9 maternal or fetal movements, and an inadequate amniotic fluid volume. 10 In the inversion mode, it is specific for fluid-filled structures and their adjacent tissues, 25 so 'we could not obtain optimal images if fluid and tissue interfaces are not clearly delineated by ultrasound imaging'. 13 Mastering the use of the threshold filter tool is very valuable to produce quality images. Inappropriate application of the threshold filter will result in artifacts that may lead to false impressions. and its severity because HDlive provides more humanlike features than black and white 2D or conventional 3D sonography. Fetal intrathoracic anomalies, which primarily involve the heart, remain the area of interest for clinical research. The use of HDlive, specifically the inversion mode, may give clinicians unique information on complex anomalies of the heart and great vessels even in early gestation. While fetal intra-abdominal anomalies are usually benign, they warrant strict surveillance because they may cause gradual or sudden complications. HDlive is useful in monitoring those lesions and probable complications that cannot be easily identified using conventional 2D sonography. Further use of this innovative tool in adjunct with 2D/3D/4D sonography is highly recommended to strengthen the advantages highlighted by previous studies. The use of HDlive for fetal intracranial, intrathoracic, and intra-abdominal anomalies brings us many more opportunities to give quality care to our patients and in the field of research. 
CONCLUSION
We presented different sonographic images of fetal intracranial, intrathoracic, and intra-abdominal anomalies evaluated with 2D sonography, and reconstructed images using HDlive. This review article focused on the advantages of using HDlive for those anomalies. From the early embryonic period, the HDlive inversion mode can be used to evaluate developing human brain vesicles. Anomalies can be diagnosed early in this stage by confirming differences from normality. Fetal intracranial anomalies are usually associated with a poor prognosis, and the use of HDlive can help the physician explain detailed information to the patient and family. The patient can easily understand the condition of her fetus 
